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Opinion statement

Malignant tumors of the external auditory canal (EAC) are rare tumors in the head and
neck. Delayed diagnosis is not uncommon because the symptoms of early tumors are
nonspecific. Various surgical and oncological treatment modalities have been reported.
Decision-making depends on pathological feature and stage of the lesions, patient’s
general condition and preference, and physician’s experience and skill. Radical surgery
is widely accepted as the primary treatment of choice. Postoperative radiotherapy is used
more often to improve local and regional control of the disease. Chemotherapy is usually
recommended for advanced disease, residual disease, and metastasis. Prognosis is affect-
ed by multiple factors such as TNM stage, surgical margin, pathological type and differ-
entiation of tumor, involvement of facial nerve, and so on. Although the survival rate is
improved significantly over the past several decades with the development of skull base
surgery, neuroradiology, anesthesiology, and oncology, it remains challenging to diag-
nose and treat EAC malignancies due to the rarity, the local anatomical complexity of
temporal bone, and the lack of standard TNM staging system.

Introduction

Malignant tumors of the EAC account for about 0.2% of
all head and neck malignancies [1]. The annual inci-
dence is estimated between 1 and 6 per million

population [2, 3]. They are more common in male
patients aged 60–70 years [4–6]. Anatomically, the tem-
poral bone is not a barrier but a medium for tumor
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spread through the potential pathways, e.g., the bony ca-
nals and intraosseous vessels and nerves, the
petrosquamous suture line, the fissures of Santorini, the
foramenofHuschke, the stylomastoid foramen, and so on.

The most common histologic type of EACmalignan-
cies is squamous cell carcinoma (SCC), which accounts
for 80% of tumors within the temporal bone, followed
by other tumors such as basal cell carcinoma, adenoid
cystic carcinoma, adenocarcinoma, and so on [7–9]. The
following discussion primarily focuses on the SCC.

Because the symptoms of early tumors are nonspe-
cific, diagnosis is usually delayed. It has been reported
that 65% of patients are at T3 or T4 at the first visit, and
the average time from initial symptom to diagnosis is
12.4 months to 3.9 years [6, 10]. Radiological imaging
assessment of head and neck is essential for accurate
tumor diagnosis and staging [11]. CT and MRI are

complementary imaging examinations for EAC malig-
nancies [12]. Nevertheless, the extent of tumor may be
either overestimated or underestimated despite scan-
ning using both CT and MRI [13, 14].

There is no consensus currently on TNM staging of
these tumors by the American Joint Committee on Can-
cer (AJCC) or the Union for International Cancer Con-
trol (UICC). The most widely accepted system is the
Pittsburgh staging system [1]. Nevertheless, the Pitts-
burgh staging system is proposed for SCC in the EAC.
Though a few authors extrapolated the Pittsburgh clas-
sification to other histological types [5, 15, 16], its role
in evaluating tumors of other histological types in the
EAC or tumors of other subsites of the temporal bone
needs to be studied further. The presentation, extension,
and treatment of these tumorsmay be of great difference
from those of the SCC in the EAC.

Treatment

Although various surgical and oncological treatment modalities including sur-
gery, radiotherapy, and chemotherapy have been reported, there is no consen-
sus on management of SCC of EAC.

Surgery

Surgical approaches

Radical surgery is widely accepted as the primary treatment of choice. There
are two types of surgical approaches to EAC malignancies, i.e., en bloc and
piecemeal resection [17]. An alternative is combination of en bloc and
piecemeal resection which is usually used for T4 tumor [9]. Mazzoni et al.
have reported that histopathological evaluation of a full specimen achieved
by en bloc resection is helpful to establish a correlation between clinical,
pathological features and outcomes, so they suggested that en bloc resec-
tion should always be the primary consideration in ear carcinoma [18].
Muelleman et al. [19•] showed that there were no differences in overall
survival and disease-free survival between en bloc and piecemeal lateral
temporal bone resection for the SCC of the EAC. Though there are still
controversies on en bloc versus piecemeal resection, the decision should be
made based on the status of tumor and experience of surgeon.

Surgical techniques

The EACmalignancies can be removed by sleeve resection, lateral temporal
bone resection (LTBR), subtotal temporal bone resection (STBR), or total
temporal bone resection (TTBR) according to the site and extent of the
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lesion. The recurrence rate following sleeve resection was reported to be
46.2% (12/26) for T1 and T2 SCC in EAC [20]. Therefore, it is generally
believed that LTBR is the primary surgery of choice for T1 and T2 tumors,
while sleeve resection is indicated only for low-grade tumor of the carti-
laginous EAC skin without bone involvement. Ghavami et al. [21] reported
a modified LTBR with sparing of the TM and ossicles in selected SCC
patients to preserve the hearing. They demonstrated similar oncologic
results to the LTBR and better hearing results in a short term follow-up(8-50
months). STBR is usually indicated as treatment of choice for T3 and T4
tumors, and TTBR is usually advised for advanced T4 tumors. However,
TTBR is still a matter of debate because it may cause serious complications
without certain increase in survival rates.

Parotidectomy

The parotid is susceptible to extension of tumor in the EAC. It has been
reported that the incidence of parotid involvement in SCC of the EAC is
between 10 and 62% of patients [8]. Though some authors advocate
superficial parotidectomy with LTBRs, especially for tumor eroding the
anterior wall of the EAC [5, 22, 23], no evidence that routine superficial
parotidectomy contributes better survival rate has been reported. At the
Gruppo Otologico in Italy, superficial parotidectomy is performed in T2
tumors only when the anterior wall of the EAC is found to be involved, and
in all T3 tumors. Total parotidectomy is indicated for T4 tumors and those
with involvement of the parotid per se [8]. Mazzoni et al. [24] prefer to
superficial parotidectomy in T1 and T2 cases, and total parotidectomy in T3
and T4 cases.

Neck dissection

Most authors agree that neck dissection is indicated for advanced tumors or
lymph nodes metastasis. The primary controversy is the neck management
for N0 and early tumor. The most common lymph nodes involved are
those in levels II–III or levels I–II [4, 25]. Various effects of nodal metastasis
on survival rate have been reported. Though some authors advocated
prophylactic neck dissection for all patients, even for N0 neck [23, 26–28],
the evidence for routine neck dissection in N0 neck, especially in T1 and T2
tumors, is not fully identified. At the GruppoOtologico, neck dissection for
N0 neck and low T stage is performed only when the frozen section of the
level II nodes is positive for metastasis. In N+ neck, neck dissection in-
cluding the parotid and lymph nodes in level II is routinely performed [8].
Gidley et al. [22] recommended selective neck dissection (levels II–III) in T1
and T2 tumors. Rinaldo et al. [27] have proposed neck dissection (level Ib,
II-V) for all temporal bone SCC even the neck is at N0.

Reconstruction

Radical resection of temporal bone tumor may result in various defects.
Anterolateral thigh free flap and radial forearm flap are ideal for extensive
defects [29, 30]. Musculocutaneous submental flap is an excellent option
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with reduced operative time, hospitalization duration, and flap revisions,
because of its proximity, reliability, ease of harvest, and exceptional color
match [31]. Tanaka et al. reported a newmethod for selecting intraoperative
accurate auricle positions in skull base reconstruction for advanced tem-
poral bone carcinoma cases, so that auricle can be preserved as much as
possible from a cosmetic and functional perspective [32]. Morita et al. have
shown that reconstruction of the EAC using split-thickness skin graft in
combination with tympanoplasty can preserve hearing after LTBR for early-
stage external auditory canal carcinoma [33]. Other options such as super-
thin superficial circumflex iliac perforator flap, laterocervical twisted flap,
and so on have also been reported [34, 35].

Radiotherapy
The role of radiotherapy in low-stage tumors or as a primary treatment has not
been fully identified. Though a few papers reported that outcome of radiother-
apy alone was not significantly different from that of combined surgery and
radiotherapy [36, 37], most authors advise postoperative radiotherapy to im-
prove local and regional control of the disease. It is usually used in T3 and T4
tumors, and in T1 and T2 tumors with bone erosion, perineural invasion, a
positive margin, recurrence, nodal metastasis, and extracapsular spread [38].
Only a few authors recommended postoperative radiotherapy for all patients
[39]. Cristalli et al. [40] have showed that intraoperative radiotherapy followed
by intensity-modulated radiation therapy for advanced external auditory canal
and middle ear tumors is effective and safe. A meta-analysis by Oya et al. [41]
showed no difference in survival between the surgery-only and postoperative
radiotherapy groups in patients with external auditory canal SCC at early stage
(stages I ~ II). However, the prognosis following postoperative radiotherapy
was better than that following surgery alone in patients at stage I. The authors
therefore recommended postoperative radiotherapy for stage I patients at high
risk. Koto et al. have reported that the 1-year and 3-year overall survival rate
were 70% and 40%, respectively, following carbon ion radiotherapy for ad-
vanced SCC of the external auditory canal andmiddle ear [42]. Murai et al. [43]
have demonstrated promising results following stereotactic radiotherapy for
patients with ear cancer (≤T3), mainly due to the advantages of improved target
coverage with a steep dose gradient and spares surrounding normal tissues.

The usual dose of postoperative radiotherapy is 50 to 60 Gy for T2-T4 tumor
[26]. In Pfreundner’s report [44], 54–60 Gywas recommended for tumor with a
negative margin, and 66 Gy for tumor with a positive margin. Prabhu et al. [45]
proposed 60–66Gy for tumor with a freemargin, and 68–72Gy for tumor with
a positive margin. Hashi et al. advised a dose of 65–75 Gy for inoperable
patients as palliative therapy [37].

Chemotherapy
Chemotherapy is not recommended as a routine therapy but usually used for
advanced disease, residual disease, and metastasis as an induction agent in the
adjuvant setting [9, 46••]. It has been shown that a combination of cisplatin
with 5-fluorouracil may be the best chemotherapeutic treatment with good
pain control though it does not raise the survival rate [47]. A meta-analysis by
Takenaka et al. demonstrated that preoperative chemo-RT (CRT) might benefit
the postoperative survival of patients with external auditory canal SCC and that
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the survival rate of definitive CRT was comparable with that of surgery [48]. In a
report of small series (13 cases), Kitani et al. showed that concurrent CRT with
cisplatin and 5-fluorouracil was safe and effective for patients with temporal
bone SCC, especially for stage II and III tumors [49]. Some authors have
presented that concomitant chemoradiotherapy with a combination of cisplat-
in, 5-fluorouracil, and docetaxel (TPF) is a safe and promising regimen for
locally advanced temporal bone cancer [50, 51]. Benefit from intra-arterial
cisplatin infusion in association with RT has also been reported [52, 53]. In a
case report, Ebisumoto et al. showed complete response following radiotherapy
plus cetuximab, a monoclonal antibody targeting epidermal growth factor
receptor, in patients with T4 EAC SCC. It suggested cetuximab plus radiotherapy
might be a treatment alternative for patients with advanced temporal bone
cancer [54].

Prognosis
Predictors

Various prognostic factors have been reported such as TNM stage, surgical
margin, pathological type and differentiation of tumor, involvement of facial
nerve, and so on [4, 13, 23, 55]. Piras et al. have shown that Pittsburgh Stage or
involvement of mastoid, facial nerve, medial wall of the middle ear, temporo-
mandibular joint, and middle fossa dura are the negative prognostic factors
[56•]. Morris et al. [5] showed that the 5-year rate of overall survival, disease-
specific survival, and recurrence-free survival were 62%, 70%, and 46%, respec-
tively. They found that the surgical margin status and the presence of
extratemporal disease were the strongest predictors of survival and recurrence.
Masterson et al. [26] revealed that the 5-year disease-specific survival rate was
44% and that nodal status, poorly differentiated squamous cell histology, and
carotid involvement were the poor prognostic indicators. Dura mater infiltra-
tionwas reported to be one of the strongest negative prognostic factors [57]. The
diversity of the prognostic factors showed in literatures may be related to the
differences between studies in research design and statistical analysis. As a
result, no clear conclusion can be drawn at present. Further studies are needed
to ascertain more reliable prognostic factors so that the patients at high risk can
be treated with more effective and safer primary modalities.

Recurrence
Most recurrences occur within the first 2 years after primary treatment [5, 22].
Wierzbicka et al. [10] reported that all relapses in their study occurred in T4
cases with a relapse rate of 27.0% and that the mean time from treatment to
recurrence was 6.4 months. The median survival time after relapse was 8
months. Morris et al. [5] found that recurrence was common (72%) in T3-4
tumors, and the mean time to recurrence was 13.1 months.

McRackan et al. [6] reported that 18 of 60 patients (30%) recurred at 5.8
months and that recurrence occurred most commonly locally (30.3–44.4%),
followed by regional metastasis (0–22.2%), and the distant metastasis (3.0–
15.4%). They showed that the recurrence rate of tumors originating in the skin
overlying the parotid gland and the EAC (71.4% and 100%, respectively) was
higher than those from the auricle/postauricular skin and temporal bone
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(26.5% and 0.0%, respectively). The recurrence risk was statistically associated
withN stage and cervical node involvement. In addition, the recurrence risk was
increased in patients with direct spread to the parotid gland and perineural
spread. Zanoletti et al. [23] reported a recurrence rate of 44% (18/41) even if
pathologically free margins were archived in all patients. Therefore, it is hard to
decide the real “free” negative margins.

Patients with recurrence were found more likely to recur again after further
treatment [24, 38]. For the recurrent cases, the mean disease-specific survival
following nonsurgical palliative treatment was longer than that following pal-
liative surgery (30.6 ± 15.3 months and 16.2 ± 11.3 months, respectively) [58].
Therefore, non-surgical treatment (chemotherapy, radiotherapy, or specialist
palliative care) is recommended for patients with advanced recurrent SCC, and
salvage surgery only for early recurrences when radicality is still achievable.

Non-squamous cell carcinomas
Basal cell carcinoma (BCC)

Though BCC is the secondmost common tumor of temporal bone, it ismuch rarer
than SCC. A few papers have reported BCC in temporal bone with small cases
series, most of which are aggregate date on temporal bone malignancies. It has
been shown that BCCmay portend a better prognosis but higher risk of recurrence
than most other tumors involving the temporal bone and EAC [59, 60].

Breen et al. [61] reviewed recently a large case series of 42 patients with BCC of
the temporal bone and external auditory canal. They showed that the most
common presenting symptoms were hearing loss (36%) and otorrhea (26%).
The overall survival of patients who had undergone surgery elsewhere and present-
ed with facial weakness was worse. Facial nerve was sacrificed in ten patients
(24%). The fact that only two patients (5%) developed regional nodal disease
indicated lower metastatic potential of BCC compared to SCC in temporal bone.
The survival rate of BCC was better than other temporal bone malignancies.

Adenoid cystic carcinoma (ACC)
Though ACC arising from the EAC are extremely rare accounting for 5–20% of
the primary malignancies of the EAC [16], it is the most common type of
glandular malignancy arising from the ceruminous gland. The average duration
of symptoms is approximately 9.3 months, and the mean tumor size is 1.6 cm
[62]. Liu et al. [63] have showed that the peak age is 50–60 years and that
females are more prone to being affected than males. ACC has a propensity
towards early perineural involvement, which may be the reason why otalgia is
one of the most common symptoms. Surgical treatment with en bloc resection
followed by postoperative radiotherapy has been recommended by most au-
thors. Surgery alone is usually used for T1 tumors. High rates of occult parotid
involvement (59%) indicate superficial parotidectomyduring the initial surgery
to obtain safe surgical margins [64]. Because the incidence of nodal metastases
in ACC arising in the head and neck is relatively low (5.3%), routine nodal neck
dissection is not suggested in most patients [65]. The outcome of ACC is
favorable with a mean survival of 8.3–10 years, compared to 1.5–4.7 years in
other ceruminous carcinoma types. The prognosis is poor in patients with such
histopathological features as solid pattern of growth, bone invasion, perineural
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invasion, positive resection margins, and involvement of surrounding tissues
including parotid gland [66].

Adenocarcinoma
Adenocarcinomas of EAC are excessively rare malignant tumors that originate
usually from the ceruminous gland in the EAC. Xia et al. [67] have reported that
compared to SCC, adenocarcinoma is more commonly seen in females, and
lymph node metastasis is much less, and lung metastasis is much more likely
even at early stage. They found by HRCT and MRI that both the cartilaginous
and bony parts of the EAC were involved by SCC at T1 and T2 stages, whereas
only the cartilaginous part was involved by adenocarcinoma. In addition, both
bone and adjacent soft tissue were involved by SCC and adenocarcinoma at
advanced (T3 and T4) stages. Their results suggest that the growth patterns of
SCC and adenocarcinoma are different at the early stages while similar at the
advanced stages.

The treatment modality and prognosis of adenocarcinoma are not yet well
understood because most information about these tumors are from case re-
ports. Using a population-based national database in the USA, Ruhl et al. [68]
analyzed 22 cases with ceruminous adenocarcinomas in the EAC between 1973
and 2010. The average age at diagnosis is 60–64 years. The most common
symptoms are otalgia, mass in the EAC, and hearing loss. Though there is no
consensus on the treatment strategies, the authors suggested that complete
surgical resection might be adequate in most cases. Postoperative radiotherapy
may improve survival in cases whose tumors are not removed completely or
with distant metastasis. Nine patients (41%) were still alive with an average
survival of 157 months since diagnosis; two patients (9%) died of their malig-
nancies with an average survival of 45 months. It looks like that the prognosis
may not be as poor as has been previously thought.

Conclusion

Treatment options for EAC malignancies are usually determined by the patho-
logical feature and stage of the lesions, patient’s general condition and prefer-
ence, and physician’s experience and skill. Although the treatment of malignan-
cies of EAC is complex and controversial, the surgery with clear margins, with or
without adjuvant radiotherapy, is the primary treatment of choice for the
majority of these tumors. Prospective, randomized, controlled, multi-central,
or international investigation may enable establishment of widely accepted
guidelines. Cooperative work by a multidisciplinary team comprising oto-
neurosurgeons, head and neck surgeons, plastic surgeons, oncologists, radiolo-
gists, and pathologists is of great importance to benefit patients.
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